Introduction
As grinding wheels are used under heavy condi tions, such stresses as induced by centrifugal force develop and sometimes cause the wheel damage. With increasing demands for higher productivity, high speed or heavy duty grinding has become of major interest recently, and threfore a study of wheel strength has attracted the attention of both wheel manufacturers and users.
Grinding wheels are generally composed of mix tures of abrasive grains, bond and pore phases, and their peculiar structure has become a research topic to clarify the strength of composite materials using simulation.
In order to estimate the resulting wheel strength it is necessary to know the strength of the grain, which occupies approximately a half of the whole volume, but few studies have been worked out on this subject because of the difficulty in measurement.
For a substitute of strength either hardness or E-modulus is sometimes used, but this Furthermore tensile crack is observed in the bond matrix, when its expansion coefficient is widely different from that of grain. At any rate, vitrified bond must not be sufficient to determine the grain strength, even though the joining strength at phase boundary is generally high. Oxychloride bond is too weak to determine the grain strength and, in addition to this fact, it has no adhesive ability to the grain. Phenolic resin generally produces pores like vit rified bond, and holds the grain in a weak grip, although its bending strength is not unsuitable to determine the grain strength. Epoxy resin does not produce pores and gives a compact bond matrix, while its adhesive property to the grain is excellent as illustrated in Fig. 1 . The bending strength of epoxy resin can be adjusted ,over a wide range by selecting the proper resin, hardner and filler. These are favorite things to determine the grain strengths, which lie from low to high values. As a whole, this type of resin is of great convenience to determine the grain strength.
When the strength of grain is stronger than that of the bond matrix, failure may occur through the matrix or partially along the grain-bond boundary.
When the strength of grain is the same or less than that of the bond matrix, failure may occur through the material regardless of the components. 
Experimentals

Preparation
of test pieces From the practical viewpoint, black silicon carbide, regular fused alumina, white fused alumina and fused zirconia-alumina (25% ZrO2) in # 46 and # 12 grit sizes were chosen. As a standard abrasive grain, an artificial white ruby, whose bending strength can be directly measured, was crushed to prepare the necessary grit sizes.
The ingots of these abrasive grains are shown in Fig. 4 .
Concerning the hardner, theoretical amount of nadic anhydride was added to the resin on the basis of epoxy equivalent calculation.
Epoxy resins adapted to determine the grain strength were chosen as listed in Table  2 . Prepa rations of the bonds and their physical properties are listed in Table  3 .
The bending strength of the grain-filled resin system increases proportionally to the grain content within a certain range in the similar manner as the resin-filler system. Among this linearity range,
where the mixture rule might be applied, the grain content of 30% was adopted for the ease of sample preparation. Average values of the strengths for various grains are listed in Table 4 . When considering the cross-sectional area of the abrasive grain (36%) instead of its volumetric content (30%), the value of ag becomes somewhat smaller but the difference is several % at the most. According to the information based on the results of the ruby, crushing operation will give the in creased probability of crack existence to the grain resulting in the strength diminution.
Generally speaking, the fine grain seems to be stronger than the coarse one as being supposed from the old feeling. As an extreme case, the # 12 grain of white fused alumina is the aggregate of small particles with very weak interconnection. Concerning zircon-corundum, on the other hand, a reverse result was obtained. This is perhaps derived from the fact that this type of tough grain is consisted of a dendrite texture, which makes the coarser grain tougher but the finer one more friable. down from that of the old way of thinking. The use of ultra high speed grinding using conventional grinding wheels must be reconsidered.
The estima tion of the grain strength by means of this method enables us to predict the maximum possible bursting strength of grinding wheels.
